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Abstract 
The apple is one of the most widely consumed fresh fruits in the world. It constitutes a major contribution of phytochemical compounds to the diet, 
which are associated with a reduced risk to develop degenerative diseases. The main objective of this study was to evaluate the effects of conventional 
and organic management of apple cultivation, the stage of development and sunburn damage on polyphenol concentrations, antioxidant activity and 
pigments in three apple cultivars. Two experiments were carried out during the 2009/2010 season to study (1) the effect of the type of management 
and the development stage of  the fruit during the season on the concentration and content of total and specific phenolics, antioxidant activity in the 
whole fruit, and pigments (chlorophylls, carotenoids and anthocyanins) in the peel of cvs. Gala (Galaxy and Brookfield), Granny Smith and Fuji 
(Raku Raku and Stripped) and (2) the effect of the type of management and the presence of sunburn at harvest on phenolics concentrations and 
antioxidant activity in both the whole fruit and peel, as well as pigments in peel, in two cultivars. Phenolics concentrations and antioxidant activity 
increased in the first weeks of fruit development and then decreased until harvest. The concentration of chlorophyll and carotenoids tended to 
decrease throughout the season, while anthocyanin concentration increased. In the case of tissue damaged by sunburn, phenolics concentrations and 
antioxidant activity were higher in damaged fruit, while changes in pigment concentrations varied according to the cultivar. The practices of 
conventional and organic management did neither influence significantly phenolics and pigments concentrations and antioxidant activity, except at 
certain stages of fruit development. 
Key words: Apples, organic orchard, phenolics, antioxidant activity, pigments, sunburn damage. 
Introduction 
A diet rich in fruits and vegetables is associated with decreased 
risk of developing degenerative diseases (e.g. cardiovascular 
diseases and cancer) 1-5. These beneficial effects for health are 
due to the presence of bioactive compounds, such as pigments 
(e.g. carotenoids, chlorophylls and anthocyanins) 6, 7, 9, vitamins 
(e.g. ascorbic acid) 5 and polyphenols (e.g. flavonoids) 8, 10, 11. In 
this context, apples represent a contribution to public health owing 
to their high content of polyphenols and common consumption 
of apples as a fresh and processed product 12. 
The levels of phenolic compounds and some other pigments 
can vary in apples according to the cultivar 15, season 19, 
agroclimatic region 17, management practices (conventional and 
organic) 18, 19, stage of fruit development 16, tissue type (e.g. peel 
or flesh) 17, conditions of biotic stress (e.g. attacks by pathogens) 
and abiotic stress (e.g. excess UV radiation, nutritional deficiencies) 13, 
14
. In this context, this study evaluated the effect of conventional 
and organic management, the development stage and sunburn 
damage on the concentrations of phenolics and pigments and 
antioxidant activity in different apple cultivars. 
Materials and Methods 
Plant material: During the 2009/10 season apple cultivars (cvs). 
Gala (Galaxy and Brookfield) and Fuji (Raku Raku and Striped), 
both bi-colored, and Granny Smith, a green cultivar, were collected 
from conventional (CO) and organic (OO) orchards located in 
Chimbarongo, O’Higgins Region, Chile (34°40’S, 71°1’W; 314 m 
above sea level). The proximity between the conventional and 
organic orchards was 10 km. 
Experiment 1. Effect of the type of management and 
development stage on different apple cultivars 
a) Determination of total and specific phenols and antioxidant 
activity in the whole fruit: Healthy fruit of cvs. Gala, Granny 
Smith and Fuji were collected at different stages of development 
(25, 32, 39, 52 and 88 days after full bloom - DAFB) and commercial 
harvest (128, 159,191 DAFB for each cultivar), from the 
conventional and organic orchards. 
b) Determination of pigments in peel: Peel was collected from 25 
DAFB until commercial harvest from cvs. Gala, Granny Smith and 
Fuji, from the same orchards. 
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Experiment 2. Effect of the type of management on fruit with 
and without sunburn among different cultivars at harvest 
a) Determination of total phenolics and antioxidant activity in 
the whole fruit: Fruit of the cvs. Granny Smith and Fuji with 
(damaged) and without (healthy) sunburn were collected during a 
commercial harvest from the orchards mentioned in Experiment 1. 
b) Determination of total and specific phenols, antioxidant 
activity and pigments in the peel: Healthy and damaged peels of 
the cvs. Granny Smith and Fuji were collected at the commercial 
harvest from the orchards described above. 
Tissue extraction: Sixteen fruits for each treatment group, with 
four replications for each treatment, were selected randomly. The 
apples were cut into lengthwise slices and the seeds and core 
were removed. Each sample consisted of 1 g of the whole fruit 
(peel and flesh) per replication. The samples were immediately 
frozen with liquid nitrogen, pulverized in a mortar and pestle, and 
extracted by using the procedure described by Coseteng et al. 20 
with modifications. Briefly, the tissue was extracted twice with a 
solution of 80% ethanol (ethanol:water 80:20, v/v) for 10 and 5 min 
at 100°C and then filtered. Samples were adjusted to 10 ml with 
80% ethanol  and kept at -20°C until use. 
In the case of healthy and sunburn-damaged fruit, 2 g of whole 
fruit and 1 g of peel were used. The experimental design and 
procedure applied was the same as that described above. 
Determination of  pigment concentration 
Chlorophyll and carotenoids: Chlorophyll (Chl) and carotenoids 
(Car) concentrations were determined by the method described 
by Lichtenthaler 21 with modifications. Two disks of peel (62 mg) 
were extracted with 1 ml of acetone (acetone: water 80:20, v/v) for 
24 h at 4°C in darkness. Then, they were centrifuged at 200 g for 
three min and the disks were re-extracted with the same procedure 
described above. Both supernatants were mixed and absorbance 
read at 663.3, 646.8 and 420.0 nm with a spectrophotometer 
(Spectronic 1201, Milton Roy Co., Rochester, NY). The results 
were expressed in µg of Chl or Car cm-2 of fresh weight (FW) and 
calculations were carried out according to the following formulas: 
Total chlorophyll (Chl T) = 7.15 A663.2 + 18.71 A646.8 
Chlorophyll a (Chl a) = 12.25 A663.2 – 2.79 A646.8 
Chlorophyll b (Chl b) = 21.50 A646.8 – 5.10A663.2 
Carotenoids (Car) = [1000  A470 – 1.82  (Ca) – 85.02  (Cb)]  198-1 
Anthocyanins: The concentration of anthocyanins (Ant) was 
determined according to the procedure of Fuleki et al. 22 with 
modification.  Two disks of peel (62 mg) were treated with 0.5 ml of 
a mixture of 95% ethanol and  1.5 N  HCl (15:85 in proportion to the 
volume) at 4°C in darkness for 1 day. The sample was then 
centrifuged at 200 g for three min and the supernatant was placed 
in a new microtube.  The sediment was washed with a volume of 
0.5 m HCl: ethanol for another day and then centrifuged for three 
min. The supernatants were mixed and absorbance was read at 
533 nm. The results were expressed in µg Ant cm-2 FW. 
Determination of  total phenolics concentration: Total phenolics 
were determined by the Folin-Ciocalteu method. Briefly, 0.1 ml of 
extract was mixed with 0.5 ml of the Folin-Ciocalteu phenol reagent 
(Merck, Darmstadt, Germany).  The mixture was incubated for 5 
min and then 0.5 ml of sodium carbonate (Na2CO3; 10%, w/v) was 
added and incubated for 15 min at room temperature.  Absorbance 
was measured at 640 nm with the spectrophotometer. Total 
phenolic concentrations in the peel and whole fruit were expressed 
as mg of chlorogenic acid equivalents (CAE) g-1 FW. 
Determination of antioxidant activity: The capture of the free 
radical 2,2-diphenyl-1-picrylhydrazyl (DPPH; Fluka Chemie, Buchs, 
Switzerland) was measured by the method described by Von 
Gadow et al.23, with modifications. Briefly, 0.1 ml extracts were 
mixed with 2 ml of  8 x 10-5 M  DPPH  solution, and incubated for 
eight min at room temperature and the absorbance measured at 
515 nm with the spectrophotometer. Ethanol was used as zero in 
the spectrophotometer. Chlorogenic acid in different 
concentrations was used as a standard and the capture of the 
DPPH free radicals was expressed as mg of chlorogenic acid 
equivalents (CAE) g-1 FW. 
Total phenolic content and antioxidant activity of whole fruit: 
Total phenols and antioxidant activity of the whole fruit were 
calculated with the following formulas: 
   Total phenolic content (TPCT) = total phenolic concentration 
(TPCC)  fresh weight (FW-1) from whole fruit. 
    Antioxidant activity of whole fruit (AOAF) = antioxidant activity 
of extract (AOAE) fresh weight from whole fruit. 
   The content of total phenolics and antioxidant activity in the 
whole fruit is expressed in mg CAE per fruit. 
Determination of specific phenolics by HPLC: Specific phenolics 
(chlorogenic acid, catechin, epicatechin, procyanidin B2, 
quercetins glycosides and phloridzin) in the samples were 
determined using a HPLC-DAD Merck Hitachi (LaChrom, Tokyo, 
Japan), equipment consisting of a LaChrom L-7100 pump and a 
diode array detector, L – 7455 LaChrom, and a 100-5 C18 Kromasil 
column of 259 mm x 4.6 mm with a pre-column of the same 
characteristics, maintained at 20°C. Briefly, 0.02 ml previously 
filtered (0.45 µm filter) extracts were injected. To identify the 
compounds, different standards of specific phenolics were used 
with the UV-VIS spectra. The chromatogram was monitored at 256 
nm. The solvents of the mobile phase were: A: 1% formic acid  in 
H2O quality HPLC; B: 40% acetonitrile  in H2O, and C: acetonitrile. 
The elution parameters were: time 0-10 min: A (70), B (30), C (0) 
flow 1ml  min-1; time 45 min: A (25), B (75), C (0) flow 0.5 ml  min-1; 
time 52 min: A (0), B (0), C (100) flow 1 ml min-1; and time 55 min: A 
(70), B (30), C (0) flow 1 ml min-1. The results were expressed in µg 
of samples in g of FW-1. 
Statistical analysis: Conventional and organic management were 
compared in Experiment 1 for each cultivar (Gala, Granny Smith 
and Fuji) independently. Experiment 2 separately compared healthy 
and sun damaged tissue and types of management. Both assays 
were carried out in a completely random design. The software 
SPSS v15.0 (SPSS Inc., Chicago, Illinois) was used for variance 
analysis and separation. Tukey’s HSD test was used to compare 
treatments when the ANOVA was significant (p≤0.05). Correlations 
were assessed between total phenols and antioxidant activity for 
all the cultivars and both types of management. 
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Results 
The results are presented according to the sequence in which 
they were indicated in the assays. 
Experiment 1a: The evolution of the concentration and content 
of total phenolics for all the studied cultivars and both types of 
management showed similar tendencies throughout the season 
(Fig.1 A, C and E). The concentration of total phenolics at 25 
DAFB started at about around 8 mg CAE g-1 FW, rose to 13-15 mg 
CAE g-1 FW at 32 DAFB, and then decreased progressively until 
harvest, with values of 1.5-3.5 mg CAE g-1 FW. Comparing the 
types of management, higher concentrations of total phenolics 
were found in organic fruit at 52 and 88 DAFB in cv. Gala (p = 
0.02), and at 25, 32 and 52 DAFB in Granny Smith (p =  0.04). In the 
case of cv. Fuji, at 25 DAFB the concentration was higher in organic 
fruit (p = 0.004), while at 88 DAFB it was higher in conventional 
fruit (p≤0.01). Phenolic content increased progressively from 25 
DAFB until harvest (Fig. 1 A, C and E). Comparing the type of 
management, higher phenol content was found in organic fruits 
at 39 DAFB in cvs. Granny Smith and Fuji, and at 88 DAFB in Gala 
(p = 0.04). 
The tendency for antioxidant activity was similar in all the 
cultivars and for both types of management, increasing slightly 
during the first stages of development (25-39 DAFB) and then 
decreasing until harvest (Fig. 1 B, D and F). Comparing the 
management types, we found that at 25 DAFB, the antioxidant 
activity of the extracts of organic fruits was higher than that of the 
conventionally extracts in all cultivars (p≤0.01), while at the later 
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Figure 1. Evolution of total phenolic concentration, total phenolic content, antioxidant activity in extracts and antioxidant activity in whole 
fruit from apples cvs. Gala (A and B), Granny Smith (C and D) and Fuji (E and F), from conventional and organic orchards, in different 
stages of development, during the 2009/2010 season. Curves end at harvest. TPCC: total phenolic concentration; TPCN: total phenolic 
content; AOAS: antioxidant activity of extract; AOAE: antioxidant activity of whole fruit. 
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dates differences were only observed at 39 and 88 DAFB the cv. 
Gala, in which the levels were higher in the organically grown fruit 
(p = 0.03). The antioxidant activity of the whole fruit increased 
throughout the season (Fig. 1 B, D and F). Comparing the two 
orchards, the fruit produced organically presented higher levels 
of antioxidant activity than the conventionally produced fruit at 
25 DAFB in cv. Gala, and at 39 and 52 DAFB in cv. Fuji (p = 0.03). 
Considering the different stages of the development of the fruit, 
cultivars and types of management, a good correlation was found 
between total phenolics concentration and the antioxidant activity 
of the extract: in fruit with conventional management the correlation 
(r) was 0.95 (Gala), 0.97 (Granny Smith) and 0.95 (Fuji), and in the 
case of organic management, the correlations were 0.96, 0.92 and 
0.95 for the same cultivars, respectively. 
Throughout the season the specific phenolics that showed the 
highest concentrations were chlorogenic acid, phloridzin and 
procyanidin B2, varying according to the cultivar and the stage of 
develop of the fruit (Table 1). It is interesting to note that 
concentrations of chlorogenic acid, procyanidin B2 and quercetins 
glycosides presented similar tendencies to those observed for 
total phenolics; their concentrations increased until approximately 
32-39 DAFB and then decreased until harvest. Phloridzin in 
contrast, decreased progressively from 25 DAFB until harvest. 
With respect to the type of management, differences were only 
Table 1.  Specific phenolic concentrations (Ca, chlorogenic acid; Cat, catechin; Epi-cat, epicatechin; 
Pro-B2, procyanidin B2; Que-gly, quercetins glycosides; Phl, phloridzin) in whole fruits from 
conventional and organic orchards in differents stages of development during the 2009/2010 season. 
Statistically significant differences between whole fruit from CO and OO at p≤0.05 (Tukey’s test) are expressed with *. * p≤0.05; ** p≤0.01; n.s, no significance. CO: 
conventional orchards; OO: organic orchards.; DAFB: days after full bloom. 
Cultivars DAFB Management 
Ca Cat Epi-Cat Pro-B2 Que-gly Phl
25 CO 1393 90 481 845 192 2319
OO 1732 140 165 1078 263 2129
Significance n.s n.s * n.s n.s n.s
32 CO 2545 85 376 1460 322 1217
OO 3017 78 289 1386 436 1521
Significance n.s n.s * n.s * n.s
52 CO 1529 55 1200 1456 268 284
OO 
 

2019 141 1556 1493 353 426
Significance n.s ** n.s n.s n.s *
88 CO 376 36 39 583 98 49
OO 400 21 60 450 153 53
Significance n.s n.s n.s * ** n.s
Harvest CO 209 43 153 77 201 12
OO 

321 38 266 144 244 23
Significance ** n.s n.s ** n.s *
25 CO 1315 45 339 703 197 1336
OO 1796 48 183 473 286 2685
Significance n.s n.s n.s n.s n.s **
32 CO 1404 106 845 809 483 923
OO 1029 97 713 717 417 936
Significance * n.s n.s n.s n.s n.s
52 CO 1091 57 474 1217 287 264
OO 1104 53 423 1421 347 433
Significance n.s n.s n.s n.s n.s n.s
88 CO 202 30 115 325 133 40
OO 197 26 136 260 148 36
Significance n.s n.s n.s n.s n.s n.s
Harvest CO 62 36 64 188 107 12
OO 47 33 49 168 98 9
Significance n.s n.s n.s n.s n.s n.s
25 CO 1988 91 276 973 183 2306
OO 2864 109 338 1242 198 4419
Significance * n.s n.s n.s n.s **
32 CO 2939 74 410 1551 334 1633
OO 3014 68 514 836 374 1674
Significance n.s n.s * ** n.s n.s
52 CO 1996 69 452 1989 228 425
OO 2061 65 360 1675 301 424
Significance n.s n.s n.s n.s ** n.s
88 CO 513 35 155 1732 132 76
OO 517 45 148 524 180 57
Significance n.s n.s n.s ** n.s n.s
Harvest CO 233 13 29 232 61 11
OO 205 20 23 242 54 12
Significance n.s * n.s n.s n.s n.s
Gala 


Fuji 
Specific phenolic (µg*g     -1 FW) 
Granny 
Smith 
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observed in the concentrations of specific phenols in some stages 
of development of the fruit (Table 1). 
Experiment  1 b:  Evaluated the concentration of various pigments 
of the different apple cultivars, according to the management 
system and stage of development of the fruit. 
The concentration of chlorophylls (total, a and b) in the peels 
of all studied cultivars and with both management systems 
decreased during the development of the fruit, with the decrease 
being most pronounced in cvs. Gala and Fuji, from maximum values 
of about 12 µg cm-2 FW to minimum values close to 2 µg cm-2 FW 
(Fig. 2).  Comparing the two management systems, it was observed 
that the peel from organically grown fruit presented the highest 
concentrations of chlorophyll in all three cultivars in the majority 
of the development stages, although not always at statistically 
significant levels (Fig. 2). The Chl a/b ratio remained practically 
constant, with values that ranged between 2 and 3 until 88 DAFB, 
and then decreased until harvest. 
As with the chlorophylls, carotenoids decreased as the fruit 
developed (Fig. 3). Comparing carotenoid concentration according 
to the type of management it was observed that the peel of 
organically grown fruit of all cultivars had higher concentrations, 
except in some growth phases (Fig. 3). The Car/Chl ratio ranged 
between 0.2 and 0.4, the lowest level being with cv. Granny Smith. 
Figure 2. Chlorophylls (total, a and b) concentrations in apple peel from Gala (A), Granny Smith (B) and Fuji (C) 
from conventional and organic orchards in different stages of development during the 2009/2010 season. Statistically 
significant differences between peel from conventional and organic orchards at p≤0.05 (Tukey’s test) are expressed 
with *. Significance: * p ≤ 0.05; ** p≤ 0.01; n.s, no significance. CO: conventional orchards; OO: organic orchards. 
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Anthocyanin concentrations increased in cvs. Gala and Fuji from 
25 to 32 DAFB, decreased until 52-88 DAFB and then increased 
until harvest (Fig. 4). In cv. Granny Smith, an increase in 
anthocyanin concentrations was observed only in the first stages 
of development (25-32 DAFB). In general, the concentration 
profiles described above were higher in organic fruit (Fig. 4). 
Experiment  2 a:  Determined the concentrations of total phenolics 
and antioxidant activity in the whole fruit at harvest in fruit with 
and without sun damage, in conventionally and organically grown 
fruit of cvs. Granny Smith and Fuji. 
Phenolics concentrations were higher in damaged than in 
healthy fruit in both cultivars and management systems (Fig. 5 A). 
Differences in phenolics concentrations between management 
systems were only found in damaged tissue, where conventionally 
grown Granny Smith apples had higher concentrations than those 
obtained by organic production (p = 0.03). With respect to 
antioxidant activity, fruit with sun damage presented higher levels 
of activity than healthy fruit in both cultivars (Fig. 5 B). Differences 
in antioxidant activity according to the management system were 
only observed in damaged fruit, in which conventionally grown 
Granny Smith had a higher level of antioxidant activity than organic 
fruit (p≤0.01). 
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Figure 3. Carotenoids concentrations in apple peel from Gala (A), Granny Smith (B) and Fuji (C) from conventional 
and organic orchards in different stages of development during the 2009/2010 season. Statistically significant 
differences between peel from conventional and organic orchards at p≤0.05 (Tukey’s test) are expressed with *. 
Significance: * p≤0.05; ** p≤0.01; n.s, no significance. CO: conventional orchards; OO: organic orchards. 
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Figure 4. Anthocyanins concentrations in apple peel from Gala (A), Granny Smith (B) and Fuji (C) from 
conventional and organic orchards in different stages of development during the 2009/2010 season. Statistically 
significant differences between peel from conventional and organic orchards at p≤0.05 (Tukey’s test) are expressed 
with *. Significance: * p≤0.05; ** p≤0.01; n.s, no significance. CO: conventional orchards; OO: organic orchards. 
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Experiment 2b:  This assay determined the concentration of total 
and specific phenolics, antioxidant activity and pigments in peels 
at harvest, in healthy and damaged fruit of Granny Smith and Fuji, 
with conventional and organic management. 
In both cultivars and management systems under study, the 
concentration of total phenolics in damaged peel was 2 to 3 times 
higher than in healthy peel (Fig. 6 A). No differences in phenolics 
concentrations between management practices could be found. 
With respect to antioxidant activity, as with phenolics 
concentrations, damaged peel showed higher levels than healthy 
peel (Fig. 6 B), while no differences were found between 
management systems. 
Figure 5. Total phenolic concentrations (A) and antioxidant activity (B), in whole fruit from different apples cultivars 
(Granny Smith and Fuji) from conventional and organic orchards in fruit with (damaged) and without (healthy) sunburn 
during the 2009/2010 season. Statistically significant differences between whole fruit from conventional and organic orchards 
at p≤0.05 (Tukey’s test) are expressed with *. Significance: * p≤0.05; ** p≤ 0.01; n.s, no significance. CO: conventional 
orchards; OO: organic orchards. 
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At harvest concentration of most specific phenols was higher 
in sunburn than in healthy peel in all cultivars (Table 2). Differences 
between management systems were found only in damaged peel, 
in which the concentrations of procyanidin B2 was higher in 
Granny Smith and Fuji that came from conventional orchards (p = 
0.03), while the concentration of chlorogenic acid was higher in 
organically grown Fuji (p≤0.01). 
Comparing chlorophyll concentrations (total, a and b) in healthy 
and damaged peel, differences were only observed in Granny 
Smith, where healthy tissue presented a higher concentration (p = 
0.001). No differences were found between the management 
practices (Fig 7). Damaged tissue showed a decrease of 65% in 
Chl a and 59% in Chl b in cv. Granny Smith, while in Fuji the Chl a 
and b levels decreased by 49 and 31%, respectively. However, the 
Chl a/b ratio ranged between 1.5 and 2.5 but, did not vary 
significantly between healthy and damaged fruit. 
Differences in carotenoid concentrations were observed in both 
cultivars. In the case of cv. Granny Smith, the levels of carotenoids 
decreased in damaged fruit in relation to healthy tissue. However, 
statistically significant differences were found only in the peel of 
organically produced fruit, where the concentration in healthy 
tissue (0.74±0.1 µg cm-2 FW) was higher than that of damaged 
tissue (0.51±0.06 µg cm-2 FW) (p = 0.008). The carotenoid 
concentration in damaged peel of cv. Fuji was twice as high as in 
healthy peel, in both conventional (0.64±0.1 µg cm-2 FW) and organic 
(0.78±0.1 µg cm-2 FW)  fruit (p = 0.008). On the other hand, no 
differences in carotenoid concentration were found according to 
the type of management. 
In the evaluation of anthocyanins, differences were only 
observed in the cv. Fuji, in which the concentration in healthy 
tissue was 2.7 times higher than in damaged tissue, and 3.6 times 
higher in organically produced fruit than in conventional (p≤0.01; 
Fig. 8). 
Figure 6. Total phenolics concentrations (A) and antioxidant activity (B), in apple peel from cvs. Granny Smith and Fuji, 
from conventional and organic orchard, with (damaged) and without (healthy) sunburn during the 2009/2010 season. Statistically 
significant differences between peel from conventional and organic orchards at p≤0.05 (Tukey’s test) are expressed with *. 
Significance: * p≤0.05; ** p≤0.01; n.s, no significance. CO: conventional orchards; OO: organic orchards. 
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Table 2.  Specific phenolics concentrations (Ca, chlorogenic acid; Cat, catechin; Epi-cat, epicatechin; Pro-B2, 
procyanidin B2; Que-gly, quercetins glycosides; Phl, phloridzin;) in apple peel with and without 
sunburn, from cvs. Granny Smith and Fuji, from conventional and organic orchards during the 2009/ 
2010 season. 
Statistically significant differences between peel with (damaged) and without (healthy) sunburn from CO and OO at p≤0.05 (Tukey’s test) are expressed with *. Significance: 
* p≤0.05; ** p≤0.01; n.s, no significance. CO: conventional orchards; OO: organic orchards. 
Cultivars Management
Ca Cat Epi-Cat Pro-B2 Que-gly Phl
Granny Smith Health 79 56 107 334 216 16
Damage 171 421 84 523 6004 49
Significance * ** n.s ** ** **
Health 79 53 83 481 229 16
Damage 118 356 45 271 5539 44
Significance n.s n.s ** n.s ** **
Fuji Health 146 28 12 27 898 393
Damage 303 63 8 251 3463 459
Significance ** ** n.s ** ** n.s
Health 168 16 32 31 786 638
Damage 427 80 16 279 3186 303
Significance ** * n.s ** ** *
Specific phenolic (µg*g
-1
 FW)
Conventional
Organic
Conventional
Organic
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Figure 7. Chlorophylls (total, a and b) concentrations in apple peel from cvs. Granny Smith and Fuji from conventional and organic orchards with 
(damaged) and without (healthy) sunburn during the 2009/2010 season. Statistically significant differences between peel from conventional and 
organic orchards at p≤0.05 (Tukey’s test) are expressed with *. Significance: * p≤0.05; ** p≤0.01; n.s, no significance. CO: conventional orchards; 
OO: organic orchards. 
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Discussion 
The present study compared the effect of conventional and organic 
management, the stage of development of the fruit and damage 
by sunburn on the concentration of phenolic compounds, 
pigments and antioxidant activity in different apple cultivars. 
The majority of phenolic compounds reached their highest 
concentration in the first stages of the development of the fruit 
and then gradually decreased until harvest, according to results 
described by several authors 20, 24-27, 31, 32. However, although 
phenolic concentration decreased, total content always increased. 
This agrees with Kondo et al. 25, who determined that the phenolic 
content in apples is maintained or increases during development. 
The elevated initial concentration of polyphenols could be 
attributed to the high levels of enzymatic activity (e.g. PAL) and 
the biosynthesis of these compounds during cellular division 34, 
35
, while the subsequent decrease can be attributed to a decrease 
in the activity of these enzymes and dilution as the fruit grows 24, 
26-27
. Awad et al. 26 suggested that the rate of accumulation of 
these metabolites decreases through the different growing phases 
of the fruit but never stops, which could explain increased phenolic 
content. 
The behaviour of the antioxidant activity of the extract was 
similar to that of the phenolic compounds, increasing until 32 
DAFB, and then decreasing until harvest, while the antioxidant 
activity of the whole fruit increased throughout the growth period. 
The similarity in the evolution of phenolic compounds and 
antioxidant activity can be attributed to the good correlation 
between both, which is according with previous studies 28, 36. 
In relation to pigments, the concentration of chlorophylls (total, 
a and b) and carotenoids decreased throughout the development 
of the fruit, coinciding with results reported previously 30, 37, 38. 
The Chl a/b ratio remained practically constant until 88 DAFB, 
and then decreased until harvest as a consequence of higher 
reduction of Chl a. With respect to the Car/Chl ratio, Reay et al. 30 
observed that it is maintained until close to harvest and then 
increased, which concurs with the results of the present study in 
cv. Gala. Anthocyanins had two accumulation peaks during the 
season in the red cultivars, while in Granny Smith there was only 
one, which agrees with several authors 24, 33.  Lister and Lancaster 34 
observed that the enzyme (UFGT; UDP-3-O-glucosyltransferase), 
which catalyzes the conversion of anthocyanidin to anthocyanin, 
was much more active in the red peel, which could explain the 
reduced accumulation of anthocyanins in green cultivars. Takos 
et al. 24 determined that the transcription of the gene that regulates 
the expression of the UFGT enzyme was higher in red peel. 
Sunburn in apples is caused by exposure to high temperatures 
and elevated levels of solar radiation 39. The expression of damage 
is located on the exposed side of the fruit and is characterized by 
discoloration in the affected area 39, 40. When the tissue is exposed 
to these conditions the production of reactive oxygen species 
(ROS) and free radicals increases, which can provoke the 
inactivation of ARN and proteins, damage of DNA, destruction of 
membranes and eventually cell death 41. In response to these 
stressful conditions, enzymatic and non-enzymatic mechanisms 
are activated to neutralize free radicals and prevent tissue damage 39, 
42, 43
.  Among the non-enzymatic mechanisms in apples are notably 
phenolic compounds, due to their high concentration and elevated 
level of antioxidant activity 28. 
The results of the present study indicate that the concentration 
of total phenolics and antioxidant activity in both the whole fruit 
and the peel is higher in damaged than in healthy tissue, according 
Figure 8. Anthocyanins concentration in apple peel from cvs. Granny 
Smith and Fuji from conventional and organic orchards with (damaged) 
and without (healthy) sunburn during the 2009/2010 season. Statistically 
significant differences between peel from conventional and organic 
orchards at p≤0.05 (Tukey’s test) are expressed with *. Significance: * p 
≤0.05; ** p≤0.01; n.s, no significance. CO: conventional orchards; OO: 
organic orchards. 
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to other authors 42, 44, 45. In general terms, the levels of specific 
compounds (e.g. chlorogenic acid and quercetins glycosides) were 
higher in damaged fruit, which agrees with other studies 45, 47, 48. 
With respect to changes in pigments in tissue damaged by 
sunburn, the results of this study suggest that the chlorophyll 
levels (total, a and b) decrease in sunburn peel, which is in 
accordance to other authors 43, 44, 47, 49. Chlorophyll loss is the 
consequence of degradation caused by photooxidative stress 44, 
although the levels of chlorophyll b decreased by a lower 
percentage than chlorophyll a, probably because the latter 
presents a higher degree of sensitivity to high temperatures 50. 
However, no statistically significant differences were found 
between chlorophyll a and b, which contrasts with the reports of 
other authors that this ratio increases in damaged tissue 46, 49. The 
increased concentration of carotenoids in the damaged peel of cv. 
Fuji is coincident with reported results 43, 44, 48, 49, while in cv. Granny 
Smith the concentration was higher in healthy tissue, which is 
similar to Felicetti and Schrader 46, that the levels of β-carotene, 
lutein and zeaxanthin were higher in undamaged peel, while the 
values of violaxanthin and antheraxanthin were similar in the two 
types of peel. The Car/Chl ratio decreased in damaged peel because 
the level of Chl decreased sharply, while Car increased or 
decreased slightly, depending on the cultivar. The high 
concentration of carotenoids in damaged tissue could be 
attributable to greater photostability and its importance in 
dissipating energy or its capacity as an antioxidant compound 43, 
51
. With respect to anthocyanins, previous reports indicate that 
its concentration decreases nearer to the damaged area in red 
cultivars, while in green cultivars the concentration hardly varies 
between healthy and damaged tissue 45. 
Earlier studies compared the concentration of phenolic 
compounds and antioxidant activity in fruits from conventional 
and organic orchards. However, the reports  are not consistent on 
the effects of management practices on phytochemical compound 
concentrations 19, 29,52-54. The results of this study agree with 
Valavinidis et al. 29, who did not find differences in phenolics 
concentrations and antioxidant activity according to the type of 
management, except in very specific cases. Similar results were 
found by Veberic and Stampar 52, who did not observe differences 
in the polyphenol levels among different apple cultivars, produced 
conventional and organically. This contrasts with other authors19, 
53
,  that the fruit produced in orchards with conventional or 
integrated management present lower phenolics concentrations 
and levels of antioxidant activity than in apples in organic orchards, 
because of the lower exposition to biotic and abiotic stress 53. In 
relation to pigment composition, the results from this study 
suggest that the concentration of Chl (total, a and b) and Car are 
not conditioned by the management practice.  This concurs with 
Cardoso et al. 55 for carotenoids in strawberries, while for 
chlorophyll no previous studies are available to contrast the 
results. The higher concentration of anthocyanins observed in 
cvs. Gala and Fuji, could be due to genetic differences among the 
different strains and not necessarily the product of organic 
management 56. 
Conclusions 
The cultivar, the  development stage of the fruit and the stress 
provoked by high temperatures and high levels of solar radiation 
would be more determinant than the management of photochemical 
compound concentrations and content in apples. However, further 
studies are required to determine the effect of practices on the 
levels of these compounds. 
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